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1.0INTRODUCTION AND DESCRIPTION OF THE WATERSHED

CrookedLake, located3 milesnorthof Turtle Lake ND (Figure 1)js a375acre multipurpose
natural lake formed as the result of glacial melting and out@BboH, 1993)

The recreational opportunities @mookedLakeincludefishing, boating, hiking, and swimming.
CrookedLaked s r ecreational area is public friendly
and parkng (Figure 2) Public use ofCrookedLakeis heavy in the summedepending on water

quality and theproductivity of the fisheryNDDoH, 1993)

Table 1. General Characteristics of Crooked Lake and the Crooked Lake Watershed.

Legal Name CrookedLake

Major Drainage Basin Missouri RiverBasin
Nearest Municipality Turtle Lake North Dakota
Assessment Unit ID ND-10130102003-L_00
County Location McLeanCounty
Physiographic Region Missouri Coteau
Watershed Area 34,988acres

Surface Area 375acres

Average Depth 9.2feet

Maximum Depth 17.6feet

Tributaries UnnamedTributary

Type of Waterbody Naturali glacial formed
Dam Type None

Fishery Type Northern Pike, Walleye, BluegilSmallmouth bass, Perch
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Figure 1. General Location of the Crooked Lake Watershed.
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Figure 2. North Dakota Game and Fish Contour Map ofCrooked Lake.

Crooked Lakeand its watershelie entirely within theMissouri Coteadevel IV ecoregion(42a)

The rolling hummocks of the Missouri Coteau enclose countless wetland depressions or
potholes. During its slow retreat, the Wisconsinan glacier stalled on the Missouri escarpment for
thousands of years, melting slowly beneath a mantle of sediment to create the characteristic
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pothole topography of thdissouriCoteau. The wetlands of the Mauri Coteau and the
neighboring prairie pothole region are major waterfowl production areas in North America. Land
use on théMlissouri Mteau is a mixture of tilled agriculture in flatter areas and grazing land on
steeper slope@JSGS, 2006)
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Figure 3. Level IV Ecoregions in theCrooked Lake Watershed.

1.1 Clean Water Act Section 303(d) Listing Information

As part of the 202 Section 303(d) List of Impaired Waters Need Total Maximum Daily

Loads (i.e., 202 TMDL List), the North Dakota Department of Health (NDDoH) has
assesse@rooked Lakas Af ul l'y supporting, but threate
ot her aquatic biotao (i (NDDgH,28lQ)ultshouldbel i f e)
noted thathis assessment was first done for the 1998 Section 303(d) listing cycle using

the 199-192 LWQA total phosphorus data as the primary trophic status indicator

(Table 2). As described in the 2@ITMDL list, the causgof theaquatic life use
impairmentvwedes cri bed as Anutrient/ eutarmd hiilcaw i
di ssolved oxygeno, while the cause of the
only Anutrient/ eutr opMWNoaathi drma/RENDaISgi2ddl [
not provide information on any potential sources of these impairments. This TMDL

report addresses both the aquatic life and recreation impairments caused by
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Anutrient/ eutr ophi candthemmquatic ifeormpaimgnent aatd byi ndi c a
Al ow di ssolved oxygen. o

CrookedLakehas been classified as a Cl8ssarmwater fisheryfiWaters capable of
supportingnatural reproduction and growth of warm wdtehes(e.g., largemouth bass
and bluegill) and associataguatic biota. Someool water species may also fresent
(NDDoH, 2011).

Table 2. Crooked Lake Section 303(d) Listing Information (NDDoH, 2A2).

Assessment Unit ID ND-101301@-003-L_00

Waterbody Name CrookedLake

Class Class3, Warmwaterfishery

Impaired Uses Fish and Other Aquatic Biot&ecreatior{(Fully supportingbut
threatened)

Causes Nutrient/Eutrophication Biological Indicatoesid Low Dissolve(
Oxygen

Priority High

First Appeared on 303(d) list 1998

1.2Land Use/Land Cover

Land use in th€rookedLakewatershed is primarily agricultural. Accorditgthe 2A0
National Agricultural Statistical Service (NASS) land survey data, approxin@ately
percent of the the contributing watershed is pasture/grasslapdrdéntactivecropland,
16 percem water/wetlandsthree(3) percentdevelopetbpen space, amzhe(1) percent
forest, and three (3) percantother land usesThe majority of the crops grown consist
of spring wheatflax, sunflower,canolg peas, and durum whedigure4).

1.3 Climate and Precipitation

McLeanCounty has a subhumalimate characterized by warm summers with frequent
hot days and occasional cool days. Winters are very cold influenced by blasts of arctic
air surging over the area. Precipitation occurs primarily during the warm period and is
normally heavy in late spg and early summer. Total average annual precipitation for
McLeanCounty is aboul7.13inches. Average seasonal snowfall is approximagly
inches. Figure5 shows theaverage monthlprecipitation foiMcLeanCounty from
1912-2011.



Crooked Lake Nutrient and Dissolved Oxygen TMDLs

Final: November 2012

Page5 of 26

Bs(e 53

Legend
D Crooked Lake Watershed
Land Use

- Canola
- Deciduous Forest
‘ Developed/Open Space
Durum Wheat
Flaxseed
Grassland Herbaceous
Herbaceous Wetlands
Open Water
Other Crops
Other Hay

Pasture/Grass

-| Pasture/Hay
- Peas
- Sunflower

!

I
|
|
|
Z

Figure 4. Crooked Lake Watershed Land Use Map (Based on the 2010 National

Agricultural Statistical Survey).
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Figure 5. AverageTotal Monthly Precipitations at Turtle Lake, North Dakota from
1912-2011 (Data from the High Plains Regional Climate Centellocated at Turtle

Lake, ND).
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1.4 Available Water Quality Data

1.41 199-1992 Lake Water Quality Assessment Project

Il n t he etodglya gias BodndHePA Clean Lakes Program théd®oH
conducted @& ake Water Quality Assessment ProjddtVQA) on 66lakes and reservoirs

in the state. The objective of th&VQA project was to describe the general physical and
chemical condition of theH 1933atebs | akes

In cooperation with the North Dakota Game and Fish Departiiadies and reservoirs
were targeted based on specific criteria. Those criteria consisted of geographic
distribution, local and regional significance, fishing and recreational potantiaielative
trophic condition. Lakes received the highest pridfithey had insufficént historical
monitoring information (NDDH, 1993.

CrookedLakewas one of the reservoirs targeted for thel1®92 LWQA. As such,
monitoring consisted ofwto samples codicted in the summer of 19@ndone during the
winter of 192. The smples were collected at one site located in the deepest area of the
lake The 199-1992 LWQA Project characterize@rookedLake as havingnean surface
concentration of totgphosphoruef 0.10mgL, whi ch exceeded t he
goal forlake maintenance and improvement concerdrabf 0.02 mg/L Nitrate + nitrite

as N exhibited a volume weighted mean concentration068@ng/L, which suggests
CrookedLakewas a nitrogen limited waterbody.

1.4.2 201062011 Crooked Lake TMDL Development and Watershed Assessment
Project

TheMcLeanCounty Soil Conservation District (SCD) conductetiMDL development
and watershed assessmenCobokedLakefrom 2010-2011 Sampling was conducted at
oneinlet site (B5562), at the outlet fronCrookedLake (385654), and atwo in-lake
siteslocated in thenorthbasin(385553) andn the south basi(381030. (Table3 and

Figure6).
Table 3. General Information for Water Sampling Sites for Crooked Lake.
Dates Sampled
Sample Site Site ID Start End Latitude Longitude

Stream Sites
Inlet 385552 May 2010 Septembep011 | 47.70326 -10087261
Outlet 385554 May 2010 September 201] 47.65276 -10090787
Lake Sites
North Site 385553 May 2010 September 2011 47.691 -100.87125
Deepest 381030 May 2010 SeptembeP011 | 47.64673 -1009002
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Figure 6. Streamand Lake Sampling Sites forCrooked Lake.

Stream Monitoring

Sampling frequency for thalet and outlesampling sites was stratified to coincide with
the typical hydrograph for the region. This sampling design resulted in more frequent
samplescollectedduring spring and early summer, typically when stream discharge is
greatestand less frequent samplesllectedduring the summer and fall. Sampling was
discontinued during the winter ice coymeriod Stream ampling was also terminated if
the stream stopped flowing. If the streamdmetp flow again, water quality sampling
was reinitiated.

Lake Monitoring

In order to accurately account fgpatial andemporal variation in lake water quality, the
lake was sampledt two locationgwice per month during the open water season and
monthly under ice cover conditions.

TheMcLeanCounty SCD folloved the methodology for watquality sampling found in
the Quality Assurance Project Plan (QAPP) for Thetle Creek, Crookd@rushLake
TMDL Developmentand Watershed Assessment Project (MEID20L0).

1.4.3 Water Quality Data

Water quality was monitored by tivcLeanCounty SCD inCrookedLakeat thenorth
basinsite (385553) and theouth basirsite (38030 betweerMay 2010andSeptember
2011 Table4 showsa summary othe resulting data used to develop &)X and
BATHTUB modesk.
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Table 4. Average20102011Growing SeasonTotal Phosphorus,Total Nitrogen,
Chlorophyll-a, and Secchi Disk Transparencyata for Sites 385553 and 381030

_ Chlorophyll -a Secchi
Statistic TP (€ g/ | TN (mg/L) g/ L)| Depth(m)
n 66 66 28 18
Average 4951 1.278 21.42 1.04

Dissolved oxygen resultsr sites 385553 and 3810a0epresentedn Figures 7 and 8.

With the exception of two measurements tak
September 2011, al/l measurements were abov
5 mg/L.
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Figure 7. Dissolved Oxygen Profilefor North Basin Site 385553.
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Figure 8. Dissolved Oxygen Profils for South Basin Site 381030.
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2.0WATER QUALITY STANDARDS

The Clean Water Act requires that Total Maximum Daily Loads (TMDLS) be developed for
waters on a state's Section 303(d) 1ist. A T
wasteload allocations for point sources and load allocations for nonpoint sandceatural
backgroundodo such that the capacity of the wat
exceeded. The purpose of a TMDL is to identify the pollutant load reductions or other actions

that should be taken so that impaired waters will be tbattain water quality standards.

TMDLs are required to be developed with seasonal variations and must include a margin of

safety that addresses the uncertainty in the analysis. Separate TMDLs are required to address

each pollutant or cause of impaent (i.e., nutrients, sediment).

2.1 Narrative Water Quality Standards

The NDDoHhas set narrative water quality standards, which apply to all surface waters
in the state. The narrative standards pertaining to nutrient impdsraee listed below
(NDDoH, 201.1).

1 All waters of the state shall be free from substances attributable to municipal,
industrial, or other discharges or agricultural practices in concentrations or
combinations which are toxic or harmful to humans, animals, plants, or resident
aguatic biota.

1 No discharge of pollutants, which alone or in combination with other substances
shall:
1) Cause a public health hazard or injury to environmental resources;
2) Impair existing or reasonable beneficial uses of the receiving waters; or
3) Directly or idirectly cause concentrations of pollutants to exceed applicable
standards of the receiving waters.

In addition to the narrative standards, the NDDoH has set a biological goal for all surface
waters in the state. Theitiogofaurfacswa@tsshall t hat
be similar to that of sites or waterbodies determined by the department to be regional
reference sillps, 0 (NDDoH, 20

2.2 Numeric Water Quality Standards

CrookedLakeis classified as a Cla8swvarmwater fishery. Clas8 fisheries are defined

as wat er hbteafiswpportifiganatypal reproduction and growttvafmwater

fishes (i.elargemouth basandbluegill) and associated aquatic biotdome cool water

species may also be present ( N Q B0O4AIH All classifiedlakes in North Dakota are

assigned aquatic life, recreation, irrigation, livestock watering, and wildlife beneficial

uses. The North Dakota State Water Quality Stand&O®OH, 2011) state thdakes

shall use the same numeric criteria as Class 1 s¢teaatudingthéii nt er i m gui del
| i nfor disgsolved nitrate as,f 1.0 mgL and State guideline nutrient goals for lakes

and reservoirgTable5).
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Table 5. Numeric Standards Applicable for North Dakota Lakes and Reservoirs
(NDDoH , 2011).

State Water Quality Standard | Parameter Guidelines | Limit
Numeric Standard for Class | and Nitrates Maximum
Classified Lakes (dissolved) | 1OMIL allowed
Dissolved 5mgll | Daily Minimun?
Oxygen

Guidelines for Goals in a Lake NO3 as N 0.25 mg/L Goal

Improvement or Maintenance

Program PO4 as P 0.02 mg/L Goal
1AUp to 10% of samples may excéed
2 AiUp to 10% of representative samples collected duburing any thr

conditions are avoided. o

3.0 TMDL TARGETS

A TMDL target is the value that is measured to judge the success of the TMDL effort. TMDL
targets should be based on state water quality standards, but can also inckgkcHitevalues
when no numeric criteria are specified in the standird following sections summarize water
quality targets foICrookedLakebased on its beneficial used/hen the specific target is met,
then the reservoir will meet the applicable water quality standards, including its designated
beneficial uses.

3.1 TSI Target Based onChlorophyll-a

The statebs narrative water quality standa
life and recreation use assessment for Section 305(b) repantih§ection 303(d) TMDL
i sting. I n the case of this TMDL, the st

the basis for setting the TMDL target. State water quality standards contain narrative
criteria that requireel dkemoasdbséeésacesi fs

har mful to humans, animals, plants, or res
amounts to be unsightly or deleterious. o
of pollutantso (te. gnu,t roiregnatnsi,c oern rsiecdhimeennt ) ,

combination with other substances, shall impair existing or reasonable beneficial uses of
the receiving waters. o

The chlorophyHa trophic status indicator is used by the NDDoH as the primary means to
assessvhether a lake or reservoir is meeting the narrative standards (NDDoH, 2011).
Trophic status is a measure of the productivity of a lake or reservoir and is directly
related to the level of nutrients (i.e., phosphorus and nitrogen) entering the lake or
reservoir from its watershed and/or from the internal recycling of nutrients. Highly
productive | akes, termed Ahypereutrophic, o
characterized by dense growths of weeds,-gheen algal blooms, low transparency, and
low dissolved oxygen (DO) concentrations. These lakes experience frequent fish kills and
are generally characterized as having excessive rough fish populations (carp, bullhead,
and sucker) and poor sport fisheries (Table 6). Due to the frequent algal blabms an
excessive weed growth, these lakes are also undesirable for recreational uses such as
swimming and boating.
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Table 6. Water Quality and Beneficial Use Changes That Occuas the Amount of Algae
(expressed as Chlorophyia concentration) Changes Along th@rophic State Gradient
(from Carlson and Simpson, 1996).

SecchiDisk Total . .
Szilre Chlo([lcgl)r)y I Transparency | Phosphorus Attributes Ezngﬁsoﬁ
(m) (Hg/L)
Oligotrophy: Clear
water, oxygen Salmonid fisherieg
=0 <0.95 >8 <6 throughOl)J/tgthe year il dominate
the hypolimnion
Hypolimnia of - .
30-40 0.952.6 8-4 6-12 sggllower lakes may Salmonld fisheries
become anoxic in deep lakes only
rl\r/lwezoirotpry: IW?Fer Hypolimnetic
ingreea;negyp?c?t?alloility anoxia results n
40-50 2.67.3 4-2 12-24 of hypolimnetic loss of salmonids.
anoxia during Walleye may
summer predominate
Eutrophy: Anoxic Warmwater
hypolimnia, fisheries only.
50-60 7.320 2-1 24-48 macrophyte problems Bass may
possible dominate.
Nuisance
macrophytes,
S(I)un?;g::,na?glg%?e algal scums, and
60-70 20-56 0.51 48-96 scums and low trgnsparency
macrophyte problemg May discourage
swimming and
boating.
Hypereutrophy:
0.25 (light Iimit_ed
70-80 56-155 0 5 96-192 productivity). Dense
' algae and
macroplytes
Algal scums, few Rough fish
>80 >155 <0.25 192-384 ' dominate; summe
macrophytes . . .
fish kills possible

Mesotrophic and eutrophiakes, on the other hand, generally have lower phosphorus
concentrations, low to moderate levels of algae and aquatic plant growth, high

transparency, and adequate DO concentrations throughout the year. Mesotrophic lakes
do not experience algal bloomshie eutrophic lakes may occasionally experience algal
blooms of short duration, typically a few days to a week (Table 7).

Therefore, for purposes of this TMDL report, it can be concluded that hypereutrophic
lakes do not fully support a sustainable sfisttery and are limited in recreational uses,

whereas eutrophic and mesotrophic lakes fully support both aquatic life and recreation

use.
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Due to the relationship between trophkiatus indicators and the aquatic community (as
reflected by the fishery) or between trophic status indicators and the frequency of algal
blooms, trophic status is an effective indicator of aquatic life and recreation use support
in lakes and reservoirg @ble 7).

While thethreetrophic state indicatorghlorophylta, Secchi diskransparencyand total
phosphorususedi n  Ca r | sachmdegendénfystimate algal biomassd should
produce the same index value for a given combination of varahles often they do

not While transparency and phosphorus mayaxy with trophic state, many times the
changesim b s er v e d transparencylare kot cawssed by changes in algal biomass,
but may be due to particulate sediment. Total phosphoaysommay not be strongly
related to algal biomass due to light limitation and/or nitrogen and carbon limitation.
Therefore, neither transparency nor phosphorus is an independent estimator of trophic
state Carlson and Simpson, 1996¥or these reasonsid NDDoH givegriority to
chlorophylta as the primaryrophic state indicatdsecause this variable is the most
accurate of the three at predicting alg@mass (Carlson, 1980).

The same conclusion was also reached by a+stalté project team consisting of lake
managers and water quality specialists from North Dakota, South Dakota, Montana,
Wyoming and EPA Region 8. This group concluded that for lakes and reservoirs in the
plains region of EPA Region 8, an average growing season chlorapbgticentration

of 20 ug/L or less should be the basis for nutrient criteria development for lakes and
reservoirs in the plains region (including North Dakota) and that this chlorepafjet
would be protective of all of a | ake or re
aquatic life (Houston Engineering, 2011). The report, prepared by Houston Engineering,
also concluded that most lakes and reservoirs in the plains regiocallyypave high total
phosphorus concentrations, but maintain relatively low productivity, and that due to this
condition, chlorophyHa is a better measure of a lake or reservoirs trophic status than is
total phosphorus (Houston Engineering, 2011).

Wate quality data collected in the lake in 2010 and 20idwed an averagdorophylk-

a concentration d2142¢ g/ | , an average tot ad9hlpghans phor u
average Secchi Depth ofdZ.metersand an average total nitrogen concentratibn

1,277ug/l. Based on these datarookedLakeis generally assessed as a eutrophic lake

(Table7, Figure 9.

Table 7. Car | s on 0 dndides forgrodked LaBe. at e

TSI
Parameter Relationship Units | Value | Trophic Status
Chlorophylta TSI (Chta)= 30.6 + 9.81[In(Chh)] | pg/L | 60.66 | Eutrophic

Total Phosphorus (TP| TSI (TP) = 4.15 + 14.42[(In(TP)] pg/L | 60.42 | Eutrophic

SecchiDepth (SD) TSI (SD) = 60 14.41[In(SD)] meters| 59.47 | Eutrophic
Total Nitrogen (TN) TSI (TN) =54.45 + 14.43[In(TN)] | mg/L | 57.59 | Eutrophic

TSI <30 - Oligotrophic (least productive) TSI130-50 Mesotrophic

TSI 5065 Eutrophic TSI >65 - Hypereutrophic (most productive)

According to the phosphorus TSI val@pokedLakeis a poductive lake (eutrophic)
trending toward&iypereutrophicTable7). Carlson and Simpson (1996) suggest that if
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the phosphorus TSI valueasgjual tathe chlorophyHa and Secchdisk transparencySi
value, then algae dominates light attenuation as is the cas€nitked LakgTable8).
Carlson andsimpson (1996) also state that a nitrogen index value might be a more
universally applicable nutrient index than a phosphorus index, but it alsts rtined a
correspondence of the nitrogen index with the chlorophyiidex cannot be used to
indicate nitrogen limitation.

Table 8. Relationships Between TSI Variables and Gulitions.

Relationship Between TSI
Variables Conditions

TSI(Chl) = TSI(TP)= TSI(SD) Algae dominate light attenuation; TN/TP ~ 33:1
TSI(Chl) > TSI(SD) Large particulates, such Aphanizomenofiakes, dominate

TSI(TP) = TSI(SD) > TSI(CHL) | Nonralgal particulates or color dominate light attenuation

TSI(SD) = TSI(CHL) > TSI(TP) | Phosphorus limits algal biomass (TN/TP >33:1)

Algae dominate light attenuation but some factor such as nitro
TSI(TP) >TSI(CHL) = TSI(SD) | limitation, zooplankton grazing or toxics limit algal biomass.

As stated previously, hNDDoHhas establisheanin-lake growing season average
chlorophyla concentr at i omogylaka &nd redervol AutriengTMDLs,f o r
including this TMDL for Crooked LakeThis chlorophylta goal corresponds to a
chlorophylta TSI of 60 which is in the eutrophic rarged, as such, will be a trophic

state sufficient to maintain both aquatic life and recreats@ms of most lakes and

reservoirs in the state, includi@yooked Lake

Through the use of a calibratecter quality modelike BATHTUB (seeSection 5.2),
theaveragegrowing season TP load correspondin@mcaverage growing season
chlorophylla concentration d20 ug/L can be esthated For this TMDL, a 25 percent
reduction in the observed total phosphorus load, or 127 kg, is estimated to be needed to
achievethe TMDL goal for Crooked Lake.

3.2Dissolved Oxygen TMDL Target
The North Dakota State Water Quality Stand
daily minimun® , a n dup tev 10% ofeepresentative samples collected during any

three year period mayeless than this value provided that lethal conditions are avoided
This will be the dissolved oxygeFMDL target forCrooked Lake.

4.0SIGNIFICANT SOURCES

There are no known point souréasCrooked Laké s c ont r i b u The pofjutamtsaof e r s h e ©
concern originatérom norpoint sources.
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Figure 9. Temporal Distribution of Carlson's Trophic Status Index Scores for
Crooked Lake (5/23/2010though 9/24/201).

5.0 TECHNICAL ANALYSIS

Establishing a relationship betweensineam water quality targeand pollutant source loading

is a critical component of TMDL development. ldentifying the ceaarseeffect relationship
between pollutant loads and the water quality response is necessary to evaluate the loading
capacity of the receiving waterbpd The loading capacity is the amount of a pollutant that can
be assimilated by the waterbody while still attaining and maintaining water quality standards.
This section discusses the technical analyseito estimate existing loads ©rookedLake

5.1 Tributary Load Analysis

To facilitate the analysis and reduction of tributary inflow and outflow water quality and
flow data the FLUX program was employed. The FLUX program, developed by the US
Army Corps of Engineers Waterways Experiment Station Rafatl996), uses six
calculation techniques to estimate the average mass discharge or loading that passes
througha given river or stream site. FLUX estimates loadings based on grab sample
chemical concentrations and the continuous daily flow record. isahérefore defined

as the mass of a pollutant during a given time period (e.g., hour, day, month, season,
year). The FLUX program allows the user, through various iterations, to select the most
appropriate load calculation technique and data stratdicathemegither by flow or

date, which will give a load estimate with the smallest statistical error, as represented by
the coefficient of variation. Output from the FLUX progré@ppendix A)is then
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provided as an input file to calibrate the BATHTUBrephication response model. For a
complete description of the FLUX program the reader is referré¢atker (1996).

5.2 BATHTUB Trophic Response Model

The BATHTUB model (Walker, 1996) was used to predict and evaluate the effects of
various nutrient load reduction scenariosGynoked LakeBATHTUB performs steady

state water and nutrient balance calculations in a spatially segmented hydraulic network.
The model accounts for advective and diffusive transport and nutrient sedimentation.
Eutrophication related water quality conditions are predicted using empirical
relationships previously developed and tested for reservoir applications.

The BATHTUB model $ developed in three phases. The first two phases involve the
analysis and reduction of the tributary andake water quality data. The third phase
involves model calibration. In the data reduction phase, tlekenand tributary
monitoring data codicted as part of the project were summarized in a format which can
serve as inputs to the model.

The tributary data were analyzed and reduced by the FLUX program. FLUX uses
tributary inflow and outflow water quality and flow data to estimate average mass
discharge or loading that passes a river or stream site using six calculation techniques.
Load is therefore defined as the mass of a pollutant during a given unit oftimee

FLUX model then allows the user to pick the most appropriate load calcuiatiomque

with the smallest statistical error. Output for the FLUX program is then used to calibrate
the BATHTUB model.

The reservoir data were reduced in Excel using three computational functions. These
include: 1) the ability to display concentrations as a function of depth, location, or date;
2) summary statistics (mean, median, etc.); and 3) evaluation of troph. stdte

output data from the Excel program were then used to calibrate the BATHTUB model.

When the input data from FLUX and Excel programs are entered into the BATHTUB
model the user has the ability to compare predicted conditions (model output)aio act
conditions using general rates and factors. The BATHTUB model is then calibrated by
combining tributary load estimates for the project period wilake water quality
estimates. The model is termed calibrated when the predicted estimates fophiee tr
response variables are similar to observed estimates from the project monitoring data.
BATHTUB then has the ability to predict total phosphorus concentration, chlorephyll
concentration, and Secchi disk depth along with and the associated TSlacarmeans

of expressing trophic response.

As stated above, BATHTUB can compare predicted vs. actual condiifias.
calibration, the model then run to evaluateeffectiveness of a number of nutrient
reduction alternatives including; (1) reduciexternally derived nutrient loads; (2)
reducing internally available nutrients; and (3) reducing both external and internal
nutrient loads (See Appendxfor more detail).

BATHTUB modeled the trophic response@ifooked Lakeby reducing externally
derived nutrient loads€External nutrient loads were addressed because they are known to
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cause eutrophication and because they are controllable through the implementation of
watershed Best Management Practices (BMPSs).

Predicted changes cdraespoise werelevaldated laykedugisg t r op hi
externally derived nutrient loads by 10, 25, 50, and 75 percent. These reductions were
simulated in the model by reducing all species of phosphorus and nitrogen concentrations

in the contributing tributary and otherternal delivery sources by 10, 25, 50, and 75

percent. Since there is no reliable means of estimating how much hydraulic discharge

would be reduced through the implementation of BMPs, flow was held constant.

Table 9. Observed and Predicted Values for Setted Trophic Response Variables
from a 10, 25, 50, and 75 Percent Reduction in Extern&hosphorus and Nitrogen

Loading.

Variable Observed -10% -25% -50% -75%

Total Phosphorus as P (ug/L) 49,51 47.75 45.11 40.72 36.33
Total Nitrogen as N (ug/L) 1276.63| 1236.39| 1176.41| 1076.44 976.48
Chlorophylta (ug/L) 21.42 20.46 19.05 16.77 14.54
Secchi Disk Transparency (meter 1.04 0.98 1.01 1.08 1.15
Carlsoris TSI for Phosphorus 60.42 59.90 59.08 57.60 55.96
Carlsoris TSI for ChlorophyHa 60.66 60.21 59.51 58.26 56.86
Carlsoris TSI for Secchi Disk 59.47 60.30 59.79 58.91 58.00

The model results indicate thaith a 25% reduction in current togahosphorus loading,

the mean growing season chloropkg/itoncentration would be reduced to 19.05 ug/L,
which is below the TMDL target concentration of 20 ug/L. A 25% reduction in total
phosphorus loading would also reduce the average growing season total phosphorus
concentration to 45 ug/L and average Secchi disk transparency is estimated to be 1.01
meterg(Table9, Figure9).

5.3 AnnAGNPS Watershed Model

The Annualized Agricultural NonPoint Source Pollution (AnnAGNPS) model was

developed by the USDA Agricultural Research Service and Natural Resource

Conservation Service (NRCS). The AnnAGNPS modelistsisf a system of computer

models used to predict nonpoint source pollution (NPS) loadings within agricultural
watersheds. The continuous simulation surface runoff model contains programs for: 1)

i nput generation and e doading mogel; and 3) ouipatn nu al i z
reformatting and analysis.

The AnnAGNPS model uses batch processing, contsioallation, and surface runoff
pollutant loading to generate amounts of water, sediment, and nutrients moving from land
areas (cells) and flowingto the watershed stream network at user specified locations
(reaches) on a daily basis. The water, sediment, and chemicals travel throughout the
specified watershed outlets. Feedlots, gullies, point sources, and impoundments are
special components thadr be included in the cells and reaches. Each component adds
water, sediment, or nutrients to the reaches.

The AnnAGNPS model is able partitionsoluble nutrients between surface runoff and
infiltration. Sedimentattached nutrients are also calculated in the stream system.
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Sediment is divided into five particle size classes (clay, silt, sand, small aggregate, and
large aggregate) and are movegarately through the stream reaches.
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Figure 10. Predicted Change i n Crooked Lakeds Trophic
L oad Reductions of 10,25, 50, and 79ercent.

AnNnAGNPS uses various models to develop an annualized load in the watershed. These
models account for surface runoff, soil moisture, erosion, nutrients, and reach

routing. Each model serves a particular purpose and function in simulating the NPS
processes occurring in the watershed.

To generate surface runoff and soil moisture stiieprofile isdividedinto two layers.

The top layer is used as the tillage layer and has properties that change (bulk density etc.).
While the remaining soil profile makes up the second layer with properties that remain
static. A daily soil moistre budget is calculated based on rainfall, irrigation, and snow

melt runoff, evapotranspiration, and percolation. Runoff is calculated usilNRIGS

Runoff Curve Number equation. These curve numbers can be modified based on tillage
operations, soinoisture, and crop stage.

Overland sediment erosion was determined using a modified watesshledversion of
(Revised Universal Soil Loss EquatidRYSLE. (Geter and Theurer, 1998).

A daily mass balance for nitrogen (N), phosphorus (P), and argarthon (OCare

calculated for each cell. Major componeotdN and Pconsideredncludeplant uptake N

and P, fertilization, residue decomposition, and N and P transport. Soluble and sediment
absorbed N anB arealsocalculated. Nitrogen and phogphsarethen separated into
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organic and mineral phases. Plant uptake N and P are modeled through a crop growth
stage index. Roschet. al. 1998)

The reach routing model moves sedimamdnutrients through the watershed. Sediment
routing is calculatebased upon transport capacity relationships using the Bagnold

stream poweequation (Bagnold, 1966 Routing of nutrients through the watershed
accomplished by subdividing them into soluble aediment attached components and

are based on reach tedtime, water temperature, and decay constant. Infiltration is also
used to further reduce soluble nutrients. Both the upstream and downstream points of the
reacharecalculated for equilibrium concentrations by using a first order equilibrium

model.

AnnAGNPS uses 34 different categories of input data and over 400 separate input
parameters to execute the model. The input data categories can be split into five major
classifications: climatic data, land characterization, field operations, chemical
charateristics, and feedlot operations. Climatic data includes precipitation, maximum
and minimum air temperature, relative humidity, sky cover, and wind speed. Land
characterization consists of soil characterization, curve number, RUSLE parameters, and
watashed drainage characterization. Field operations contain tillage, planting, harvest,
rotation, chemical operations, and irrigation schedules. Fjriaéylot operations

require daily manure ratetéimes of manure removal, and residue amount from pusvio
operations.

Input parameterareused to verify the model. Some input parameters may be repeated
for each cell, soil type, landuse, feedlot, and channel reach. Default values are available
for some input parametersthers can be simplified because of duplication. Daily

climatic input data can be obtained through weather generators, local data, and/or both.
Geographical input data including cell boundaries, land slope, slope direction, and
landuse can be generated®IS or CEM (Digital Elevation Mbdels).

Output data is expressed through an event based report for stream reaches and a source
accounting report for land or reach components. Output parameters are selected by the
user for the desired watershed souomations (specific cells, reaches, feedlots, point
sources, or gullies) for any simulation period. Source accounting for land or reach
components are calculated as a fraction of a pollutant load passing through any reach in
the stream network that camerin the user identified watershed source locations. Event
based output data is defined as event quantities for user selected parameters at desired
stream reach locations.

AnNnAGNPS was utilized for th€rookedLake TMDL Developmentand Watershed
Assessmenproject. The CrookedLakewatershed deline@in began with downloading a
30-meter digital elevation model (DEMf EmmonsCounty Delineation is defined as
drawing a boundary and dividing the land within the boundary into subwatersheds in
such a mattethat each subwatershed has uniformed hydrological parameters (land slope,
elevation, etc.).

Landuse and soil digital imagegere therused to extract the dominate identification of
landuseand soil for each subwatershed. This process is achieved by ovetlayihgat
and soil images over the subwatershed file. Each dominate soil is then further identified
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by its physical and chemical soil properties found in a database called Natidaal Soi
Information System (NASIS) developed by the NRCS. Dominate landuse identification
input parameters were obtained using Revised Universal Soil Loss Equation (RUSLE).

A five year simulation period was run tme CrookedLakewatershed at itpresent

condition to provide dest estimation of the current land use ficas applied to the soils
andslopes of the watershed to obtain nutrient $ofsdm the individual cells asell as

the watershed as a whol®lajor land use in th€rookedLakewatershed was identified
aspasture/grassland (57 percent), cropland (19 percent), and water/wetlands (16 percent).
The majority of the crops grown consist of spring wheat, flax, sunflower, canola, peas,

and durum wheat (Figure 4).

Air seedersand convational tillagewere used in the cropland field operatioGeop
rotations were determined frotinree years of land survey data from the National
Agricultural Statistical Service (NASS)ypical gdanting of the field was done iate

April early Maywith fertilizer being applied at planting in specific amounts determined
by crop type, harvest occurredlate September to mid Octohespringtillage was done

in early Maywith achisel Fertilizer applicatiommatesof metaphosphate, 1&2-0 (mono
ammoniumphosphate)and multiple forms of anhydrous ammonia (i.e-2300, 86:26-0,
etc.)were determined by the croptationand entered into the model

The compiled data was used to aslxaeslm t he w
the watershetbr potential best management practice (BMP) implementétigurel11l).

Critical cells were determined to be cells in the waterghedidinganestimatecannual
phosphoruyield of 0.021 Ibs/acréyearor greater

5.4 Dissolved Oxygen

The cycling of mtrients in aquatic ecosystems is largely determined by oxidation
reduction (redox) potential and the distribution of dissolved oxygen and oxygen
demanding particles (Dodds, 2002). Dissolved oxygen gas has a strong affinity for
electrons, and thus influees biogeochemical cycling and the biological availability of
nutrients to primary producers such as algae. High levels of nutrients can lead to
eutrophication, which is defined as the undesirable growth of algae and other aquatic
plants. In turn, eutrophétion can lead to increased biological oxygen demand and
oxygen depletion due to the respiration of microbes that decompose the dead algae and
other organic material.

Wetzel (1983) summarized, fAThe | oading of
sedimerd of productive eutrophic lakes increases the consumption of dissolved oxygen.

As a result, the oxygen content of the hypolimnion is reduced progressively during the
period of summer stratification. o

Carpenter et al. (1998), has shown that nonpoint sewfgehosphorous has lead to

eutrophic conditions for many lake/reservoirs across the U.S. One consequence of
eutrophication is oxygen depletions caused by decomposition of algae and aquatic plants.
They also document that a reduction in nutrients wiintually lead to the reversal of
eutrophication and attainment of designated beneficial uses. However, the rates of
recovery are variable among | akes/ reservoi
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viewpoint that decreased nutrient loads at thesusaied level will result in improved
oxygen levels, the concern is that this process takes a significant amount offifne (5
years).

In Lake Erie, heavy loadings of phosphorous have impacted the lake severely.
Monitoring and r e s elowrrthatdépressed hypblimnetc®® 06 s h a
levels were responsible for large fish kills and large mats of decaying algae. Binational
programs to reduce nutrients into the lake have resulted in a downward trend of the

oxygen depletion rate since monitoringbegan t he 19706 s. The trer
depletion has lagged behind that of phosphorous reduction, but this was expected (See:
http://www.epa.gov/glnpo/lakeerie/dostory.hjml

Nurnberg(1996), developed a model that quantified duration (days) and extent of lake
oxygen depletionThe BATHTUB model indicate that excessive nutrient loading is
responsible for the low dissolved oxygen depletion, referred to as an anoxic factor (AF).
This nmodel showed that AF is positively correlated with average annual total
phosphorou¢TP) concentrations. The AF may also be used to quantify response to
watershed restoration measures which makes it very useful for TMDL development.
Nurnberg (1996), deveped several regression models that show nutrients control all
trophic state indicators related to oxygen and phytoplankton in lakes/reservoirs. These
models were developed from water quality characteristics using a suite of North
American lakes. The mphometric parameters such as surface aga @75acres;
1.52km?), mean depth (z 8.2feet; 2.8 meters) were calculated, and the ratio of mean
depth to the surface area is (f1A= 2.27) for CrookedLake This shows that these
parameters are withitn¢ range of lakes used by Niurnberg. Based on this information,

t he N¢grnber go soxyenmpelationsbi@Holdsriruetfar NogmDiakota lakes
and reservoirs.

6.0 MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of th€l ean Water Act and EPAOGs regul ati
be established at levels necessary to attain and maintain the applicable narrative and
numerical water quality standards with seasonal variations and a margin of safety that

takes into accourgny lack of knowledge concerning the relationship between effluent

' imitations and water quality.o The margi
into conservative assumptions used to develop the TMDL (implicit) or added as a

separate component thfe TMDL (explicit). For the purposes of this nutrient TMDL, a

MOS of 10 percent of the loading capacity will be used as an explicit MOS.

Assuming the existing annual phosphorus loa@rmoked Lakdrom tributary sources
and internal cyclings 169.4kg/seasorand the TMDL reduction goal is2b percent
reduction in totabeasonagbhosphorus loading, then this would result in a TMDL target
total phosphorus loading capacityld7.05kg of total phosphorus pseason Based on
a 10 percent explicit rngin of safety, the MOS for th€érooked LakerMDL would be
12.71kg of phosphorus pereason
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Monitoring and adaptive management during the implementation phase, along with
postimplementation monitoring related to the effectiveness oTMBL controls,will
be used to ensure the attainment of the targets.

6.2 Seasonality

Section 303(d)(1)(C) of the Clean Water
TMDL be established with seasonal variations. Theoked LakerTMDL addresses
seasonality becauslee FLUX, BATHTUB and AnnAGNPSnodek incorporateseasonal
differences in theiprediction of total phosphorus and nitrogen loadings.

7.0 TMDL

Table9 summarizes the nutrient TMDL f@rooked Laken terms of loading capacity,
wasteload allocations, load allocations, and a margin of safety. The TMDL can be generically
described by the following equation.

TMDL = LC = WLA + LA + MOS
where

LC loading capacity, or the greatest loading a Wwater can receive without
violating water quality standards;

WLA wasteload allocation, or the portion of the TMDL allocated to existing or future
point sources;

LA load allocation, or the portion of the TMDL allocated to existing or future non
point sources;

MOS margin of safety, or an accounting of the uncertainty about the relationship
between pollutant loads and receiving water quality. The margin of safety can be
provided implicitly through analytical assumptions or explicitly by réisgra portion of
the loading capacity.

7.1 Nutrient TMDL

Table 10. Summary of the Phosphorus TMDL forCrooked Lake.

Total
Phosphorus
Category (kglyr) Explanation

Existing Load 169.4 From observed data

25 percent total reduction based o
Loading Capacity 127.05 BATHTUB modeling
Wasteload Allocation 0 No point sources

Entire loading capacity minus MO
Load Allocation 114.34 is allocated to no#point sources

10% of the loading capacity (kg/y!

is reserved as axplicit margin of
MOS 12.71 safety

Ac



Crooked Lake Nutrient and Dissolved Oxygen TMDLs Final: November 2012
Page22 of 26

Based on data collected inE@xhru 2011, the existing annual total phosphorus load to
Crooked Lakes estimated at69.4kg. Assuming &5 percent reduction in phosphorus
loading will result inCrooked Lakeeachingatotal phosphorus concentration b27.05
mg/L, resulting in an average growing sea3®&ADL targetchlorophylta concentration

of 19.05ug/L, thephosphoru§MDL or Loading Capacity i427.05kg perseason
Assuming 10 percent of the loading capacit®.{1kg/season) is explicitly assigned to

the MOS and there are no point sources in the watershed all of the remaining loading
capacity {14.34kg/seasohis assigned to the load allocation.

I n November 2006 EPA issued a memomandum 0
Light of the Decision by the U.S. Court of Appeals for the D.C. Circuit in Friends of the
Earth, Inc. v. EPA et. al., No. @815 (April 25, 2006) and Implications for NPDES
Permits, 0 which recommends that all TMDL s
wasteload allocations include a daily time increment in conjunction with other

appropriate temporal expressions that may be necessary to implement the relevant water
guality standard. While the North Dakota Department of Health believes that the
appropria¢ temporal expression for phosphorus loading to lakes and reservoirs is as an
annual load, the phosphorus TMDL has also been expressed as a daily loetkr to

express this phosphorus TMDL as a daily load the annual loading capat®y.05

kg/seasa was divided by 365 days. Based on this analysis, the phosphorus TMDL,
expressed as an average daily loa@,38kg/day with the load allocation equal@®31

kg/day and the MOS equal @035kg/day.

7.2 Dissolved Oxygen TMDL

As a result of the di influence of eutrophication on increased biological oxygen
demand and microbial respiration, it is anticipated that meeting the chloraphyll
concentration target faCrooked Lakewill address the dissolved oxygen impairment. A
reduction in chlorophylh concentration due to the resulting lower algal biomass levels in
the water column, woulceduce the biological oxygen demand exertethiey

decomposition of these primary produceféie reduction in biological oxygen demand

is therefore assumed to résa attainment of the dissolved oxygen standard.

8.0 ALLOCATION

A 25 percent nutrient load reduction target was established for the entire Crooked Lake
watershed. This reduction was set based on the BATHTUB model, which predicted that under
similar hydraulic conditions, an external nutrient load reductidbgfercent wald lower

Carl sonds pho60@B#abd.ls TSI from

Using the AnnAGNPS model, it was determined that cells with a phosphorus yie@@df 0.
Ibs/acre/yr or greater @siority areas in the watehed (Figure 10 These cells are the critical
cells whch should be examined by an implementation project to determine the necessity and
types of BMPO6s to be i mplemented.

The TMDL in this report is a plan to improve water quality by implementing BMPs through a
volunteer, incentivdased approach. This TMDdlan is put forth as a recommendation to what
needs to be accomplished for Crooked Lake and its watershed to meet and protect its beneficial
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uses. Water quality monitoring should continue to assess the effects of recommendations made in
this TMDL. Monitoring may indicate that loading capacity recommendations be adjusted.

@ Outlet
C| Lake
Phosphorus (Ib/aclyr)
I 0.00000 - 0.00100

0.00101 - 0.01100
[ 001101-0.02100

I 0.02101 - 0.04300
I 004301 - 0.17900

Figure 11 AnnAGNPS Model Identification of Critical Areas for BMP Implementation.
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9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirements of this TMDL, a lettersgasto the following
participating agencies notifying them that the draft report was available for review and public
comment. Those included in the mailiwgreas follows:

McLean CountyWater Resource Board,;

South McLear5oil Conservation District

North Dakota Game and Fish Department;

Natural Resource Conservation Service (State Office); and
U.S. Environmental Protection Agency, Region VIII.

= =4 =4 -4 A

I n addition to notifying specific alyylplnci es of
report wasposted on the North Dakota Department of Health, Division of Water Quality web site

at http://www.ndhealth.gov./WQ/SW/Z2 TMDL/TMDLs Umd PublicComment/B Under Public
Commment.html A 30 day public notice soliciting comment and participati@salso

published in théVicLeanCountyJournal

Comments were only received from US EPA Region 8, which were provided as part of their
normal pubic notice review (Appendi) . The NDDoHG6s response to t
provided in Appendik.

100 MONITORING

To insure that the BMPs implemented as a part of any watershed restoration plan will reduce
phosphorus levels, water quality monitoringlue conducted in accordance with an approved
Quiality Assurance Project Plan (QAPP).

Specifically, monitoring will be conducted for all variables that are currently causing
impairments to the beneficial uses of the waterbody. Once a watershed respbaati@@ng. 319
PIP) is implemented, monitoring will be conducted in the lake/reservoir beginning two years
after implementation and extending five years after the implementation project is complete.

11.0TMDL IMPLEMENTATION STRATEGY

Implementation of TNDLs is dependent upon the availability of Section 319 NPS funds or other
watershed restoration programs (e.g. USDA EQIP), as well as securing a local project sponsor
and the required matching funds. Provided these three requirements are in place, a project
implementation plan (PIP) is developed in accordance with the TMDL and submitted to the
North Dakota Nonpoint Source Pollution Task Force and US EPA for approval. The
implementation of the best management practices contained in the NPS PIP is voluntary.
Therefore, success of any TMDL implementation project is ultimately dependent on the ability
of the local project sponsor to find cooperating producers.

Monitoring is an important and required component of any PIP. As a part of the PIP, data are
collectedto monitor and track the effects of BMP implementation as well as to judge overall
project success. Quality Assurance Project Plans (QAPPS) detail the strategy of how, when and
where monitoring will be conducted to gather the data needed to documeMiihe T
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implementation goal(s). As data are gathered and analyzed, watershed restoration tasks are
adapted to place BMPs where they will have the greatest benefit to water quality.
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Appendix A
Flux Analysis



Crooked Lake Inlet 2010 -2011 VAR=NH3 METHOD= 6 REG -3

STRATIFICATION SCHEME:

-~ DATE --- - SEASON--  -eoemee FLOW -------
STR >=MIN <MAX >=MIN <MAX >=MIN < MAX
1 0 0 00 187
2 0 0 187 1120

STR SAMPLES EVENTS FLOWS VOLUME %
1 12 12 432 13.18
2 36 36 298 86.82

EXCLUDED O 0 0 .00
TOTAL 48 48 730 100.00

Crooked Lake Inlet 2010 -2011 VAR=NH3 METHOD= 6 REG -3
COMPARISON OF SAMPLED AND TOTIAFLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGNIF
1 432 12 12 13.2 417 1.323 406 .295
2 298 36 36 86.8 3.977 4.002 -.499 .020
kx 730 4 8 48 100.0 1.870 3.332

FLOW STATISTICS

FLOW DURATION =  730.0 DAYS = 1.999 YEARS
MEAN FLOW RATE = 1.870 HM3/YR

TOTAL FLOW VOLUME = 3.74 HM3

FLOW DATE RANGE =20100101 TO 20111231
SAMPLE DATE RANGE = 20100413 TO 20110927

METHOD MASS (KG) FLUX (KG/YR) FLUX VARIANCE CONC (PPB) CV

1 AV LOAD 201.5 100.8  .1539E+03 53.91 .123

2QWTDC 160.1 80.1 .1265E+03 42 .83 .140
313C 159.3 79.7  1219E+03 42.62 .139

4 REG-1 156.6 78.4  .1092E+03 4190 .133

5 REG- 2 159.8 80.0 .1142E+03 42.76 .134

6 REG-3 156.0 78.1 .9068E+02 41.75 .122



Crooked Lake Inlet 2010 -2011 VAR=NO3/NO2 METHOD=5 REG -2

STRATIFICATION SCHEME:

DATE ---- -- SEASON--  ----—-- FLOW --------
STR >=MIN < MAX >=MIN < MAX >=MIN < MAX
1 0 0 .00 1.87
2 0 0 1.87 11.20

STR SAMPLES EVENTS FLOWS VOLUME %
1 12 12 432 13.18
2 36 36 298 86.82
EXCLUDED O 0 0 .00
TOTAL 48 48 730 100.00

Crooked Lake Inlet 2010 -2011 VAR=NO3/NO2 METHOD=5 REG -2
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGNIF
1 432 12 12 13.2 417 1.323 .251 .536
2 298 36 36 86.8 3.977 4.002 -.141 .148

ok 730 48 48 100.0 1.870 3.332

FLOW STATISTICS

FLOW DURATION =  730.0 DAYS = 1.999 YEARS
MEAN FLOW RATE = 1.870 HM3/YR

TOTAL FLOW VOLUME = 3.74 HM3

FLOW DATE RANGE =20100101 TO 20111231
SAMPLE DATE RANGE = 20100413 TO 20110927

METHOD MASS (KG) FLUX ( KG/YR) FLUX VARIANCE CONC (PPB) CV

1 AV LOAD 176.5 88.3  .4377E+02 47.22 .075

2QWTDC 130.4 65.3 .7635E+01 3490 .042

313C 130.3 65.2 .7506E+01 34.8 6 .042
4 REG-1 127.7 63.9 .9578E+01 34.17 .048

5 REG- 2 129.6 649 .7063E+01 34.68 .041

6 REG- 3 131.2 65.6 .7899E+01  35.09 .043



Crooked Lake In let2010 -2011 VAR=TN METHOD= 6 REG -3

STRATIFICATION SCHEME:

DATE ---- -- SEASON--  ----—-- FLOW --------
STR >=MIN < MAX >=MIN < MAX >=MIN < MAX
1 0 0 .00 1.87
2 0 0 1.87 11.20

STR SAMPLES EVENTS FLOWS VOLUME %
1 12 12 432 13.18
2 36 36 298 86.8 2
EXCLUDED O 0 0 .00
TOTAL 48 48 730 100.00

Crooked Lake Inlet 2010 -2011  VAR=TN METHOD= 6 REG -3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGNIF
1 432 12 12 13.2 417 1.323 -.141 469
2 298 36 36 86.8 3.977 4.002 -.279 .000

ok 730 48 48 100.0 1.870 3.332

FLOW STATISTICS

FLOWDURATION = 730.0 DAYS = 1.999 YEARS
MEAN FLOW RATE = 1.870 HM3/YR

TOTAL FLOW VOLUME = 3.74 HM3

FLOW DATE RANGE =20100101 TO 20111231
SAMPLE DATE RANGE = 20100413 TO 20110927

METHOD MASS (KG) FLUX (KG/YR) FLUX VARIANCE C ONC (PPB) CV
1 AV LOAD 3981.1 19919 .1108E+05 1065.16 .053
2QWTDC 2888.0 1445.0 .1846E+04 772.71 .030

313C 2882.3 1442.1  .1844E+04 771.17 .030
4 REG-1 2934.3 1468.1  .1546E+04 785.08 .027
5 REG- 2 2926.6 1464.3  .1120E+04 783.03 .023

6 REG- 3 2906.2 1454.1  .9901E+03 777.58 .022



Crooked Lake Inlet 2010 -2011 VAR=TP METHOD= 5 REG
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

-2

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGNIF

1 730 48 48 100.0 1.870 3.332
bl 730 48 48 100.0 1.870 3.332

FLOW STATISTICS

FLOW DURATION =  730.0 DAYS = 1.999 YEARS
MEAN FLOW RATE = 1.870 HM3/YR

TOTAL FLOW VOLUME = 3.74 HM3

FLOW DATE RANGE =20100101 TO 20111231
SAMPLE DATE RANGE = 20100413 TO 20110927

METHOD MASS (KG) FLUX (KG/YR) FLUX VARIANCE CONC (PPB)

1 AV LOAD 205.0 102.6  .9949E+02 54.86 .097
2QWTDC 115.1 57.6  .1845E+02 30.79 .075
3 JC 114.8 57.4  .1860E+02 30.71 .075

4 REG-1 132.2 66.1 .2098E+02 35.37 .069
5 REG- 2 120.3 60.2  .1322E+02 32.19 .060

6 REG- 3 120.4 60.2 .1696E+02 32.21

-.240 .058

Cv

.068



Crooked Lake Inlet 2010 -2011 VAR=TDP METHOD= 5 REG -2

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGNIF
1 730 48 48 100.0 1.870 3.332 -.240 .058
bl 730 48 48 100.0 1.870 3.332

FLOW STATISTICS

FLOW DURATION =  730.0 DAYS = 1.999 YEARS
MEAN FLOW RATE = 1.870 HM3/YR

TOTAL FLOW VOLUME = 3.74 HM3

FLOW DAE RANGE =20100101 TO 20111231
SAMPLE DATE RANGE = 20100413 TO 20110927

METHOD MASS (KG) FLUX (KG/YR) FLUX VARIANCE CONC (PPB) CV

1 AV LOAD 182.5 91.3 .7880E+02 48.83 .097

2QWTD C 102.4 51.2 .1462E+02 27.40 .075

313C 102.2 51.1 .1474E+02 27.33 .075

4 REG-1 117.7 58.9 .1662E+02 31.48 .069

5 REG-2 107.1 53.6  .1047E+02 28.65 .060

6 REG- 3 107.1 53.6  .1343E+02 28.67 .068



Crooked Lake Inlet 2010 -2011 VAR=TSS METHOD= 4 REG -1

STRATIFICATION SCHEME:

DATE ---- -- SEASON--  ----—-- FLOW --------
STR >=M IN < MAX >=MIN < MAX >=MIN < MAX
1 0 0 .00 1.87
2 0 0 1.87 11.20

STR SAMPLES EVENTS FLOWS VOLUME %
1 12 12 432 13.18
2 36 36 298 86.82
EXCLUDED O 0 0 .00
TOTAL 48 48 730 100.00

Crooked Lake Inlet 2010 -2011  VAR=TSS METHOD= 4 REG -1
CONPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGNIF
1 432 12 12 13.2 417 1.323 .866 .242
2 298 36 36 86.8 3.977 4.002 -. 096
ok 730 48 48 100.0 1.870 3.332

FLOW STATISTICS

FLOW DURATION =  730.0 DAYS = 1.999 YEARS
MEAN FLOW RATE = 1.870 HM3/YR

TOTAL FLOW VOLUME = 3.74 HM3

FLOW DATE RANGE =20100101 TO 20111231
SAMPLE DATE RANGE = 20100413 TO 20110927

METHOD MASS (KG) FLUX (KG/YR) FLUX VARIANCE CONC (PPB) CV
1 AV LOAD 33994.6 17008.9 .1886E+08 9095.49 .255
2QWTDC 22526.3 11270.9 .1773E+07 6027.07 .118

313C 22577.9 11296.7  .1857E+07 6040.86 .121
4 REG-1 20479.4 10246.7  .2350E+06 5479.40 .047
5 REG- 2 21914.8 10964.9 .1120E+07 5863.45 .097

6 REG- 3 21301.1 10657.8  .6189E+06 5699.25 .074

141



Crooked Lake Inlet 2010 -2011 VAR=INORG_N METHOD=6 REG -3

STRATIFICATION SCHEME:

DATE ---- -- SEASON--  ----—-- FLOW --------
STR >=MIN < MA X >=MIN < MAX >=MIN < MAX
1 0 0 .00 1.87
2 0 0 1.87 11.20

STR SAMPLES EVENTS FLOWS VOLUME %
1 12 12 432 13.18
2 36 36 298 86.82
EXCLUDED O 0 0 .00
TOTAL 48 48 730 100.00

Crooked Lake Inlet 2010 -2011 VAR=INORG_N METHOD=6 REG -3
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FLOW C/Q SLOPE SIGNIF
1 432 12 12 13.2 417 1.323 404 167
2 298 36 36 86.8 3.977 4.002 -.413 .009
rx 730 48 48 100.0 1. 870 3.332

FLOW STATISTICS

FLOW DURATION =  730.0 DAYS = 1.999 YEARS
MEAN FLOW RATE = 1.870 HM3/YR

TOTAL FLOW VOLUME = 3.74 HM3

FLOW DATE RANGE =20100101 TO 20111231
SAMPLE DATE RANGE = 20100413 TO 20110927

METHOD MASS (KG) FLUX (KG/YR) FLUX VARIANCE CONC (PPB) CV

1 AV LOAD 378.0 189.1 .2161E+03 101.13 .078

2QWTDC 290.5 145.3  .1414E+03 77.72 .082

313C 289.6 1449  .1365E+03 77.48 .081
4 REG-1 282.9 141.6  .1177E+03  75.70 .077

5 REG- 2 289.4 1448  .1222E+03 77.43 .076

6 REG- 3 290.5 1454  .1160E+03 7 7.73 .074






